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• About the Course
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Textbooks : 
1. Modern Control Systems, Richard C. Dorf, 12th  Edition
2. Automatic Control Systems, Benjamin C. Kou & Farid Golnarraghi, Ninth Edition, John Wily & Sons
3. Modern Control Engineering, Katsuhiko Ogata, 5th Edition

Textbooks : 
Automatic Control Systems, Benjamin  C. Kou & Farid Golnarraghi, 9th Edition, John Wily & Sons (Main)

Part I: COURSE  INFORMATION

Semester 462 Academic Year 2024- 2025
Department EE Specialization /EEN/ICE
Course Title Control Engineering

Course Code ICE 322 Pre-requisite

MATH 222 - Differential 
Equations and Linear 
Algebra

Credit Hours 3 Semester Effective Learning Hours  150

Weekly Contact Hours
LT LB Total

2 3 5
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The main Objectives of this chapter are:
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1. To Define A Control System.

2. To explain why Control systems are important.

3. To introduce the Basic Components of a control system.

4. To give some examples of control-system applications.

5. To explain why feedback is incorporated into most control 

systems.

6. To introduce Types of control

http://www.ti.com

http://www.ti.com/applications/industrial/motor-drives/overview.html
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Introduction
• Why Control?

• What is a Control System? why Control 
systems are important.

• Manual VS Feedback control.

• Real Applications and Examples.

• Basic Components of a control system.

• Types of control
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❑A control system is an interconnection 
of components forming a system 
configuration that will provide a desired 
system response.

❑Cause-Effect relationship 

1.1 Introduction to Control Systems
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Basic Terminology

Controller

Output
Or
Controlled Variable

Input
or
Set point
or
reference

Process

Manipulated Variable
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Types of Control
• Manual Control Systems
➢Light of the class
➢Water Level Control by operator

• Automatic Control System
➢Room Temperature regulation Via A.C
➢Human Body Temperature Control
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❑An open-loop control system utilizes an actuating device to 
control the process directly without using feedback.

Types of Control

Advantages:
1) Simple
2) Fast response

Disadvantages:
1) May not be able to eliminate static error
2) Sensitive to disturbance, model mismatch and parameter variation.
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❑A closed-loop control system utilizes an additional measure (feedback) of the 
actual output to compare the actual output with the desired output response.

• Closed-loop control has many advantages over open-loop control including the ability 
to reject external disturbances and improve measurement noise attenuation, 
Increase stability margin, Increase robustness

• Disadvantages:
• More expensive, more complicated system and may not be as fast as the open loop

Types of Control
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❑A closed-loop control system utilizes an additional measure (feedback) of the 
actual output to compare the actual output with the desired output response.
❑Closed-loop control has many advantages over open-loop control including the 

ability to reject external disturbances and improve measurement noise 
attenuation.

Types of Control
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❑External disturbances and 
measurement noise are inevitable in 
real-world applications and must be 
addressed in practical control system 
designs.

❑A common multiloop feedback control 
system is illustrated in Figure 1.5 with an 
inner loop and an outer loop.

•  In this scenario, the inner loop has a 
controller and a sensor and the outer 
loop has a controller and sensor.
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Example of control system applications
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1.Smart Transportation System e.g. Intelligent cars having maximum comfort, safety 

and fuel efficiency. They have climate control, antilock break system e.t.c.

2.Intelligent Systems e.g. robotics, material handling, biomedical, marine and defense.  

3.Steering Control of Automobile e.g.  Steering of an automobile.
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Questions and Answers
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1. List the advantages and disadvantages of closed Loop system.

2. What are the main components of a control system?

3. Construct a feedback model of the learning process between the students and 
teacher ?
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Cont. Questions and Answers
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1. In an open loop control system :
(a) Output is independent of control input
(b) Output is dependent on control input
(c) Only system parameters have effect on the control output
(d) None of the above

2. A good control system has all the following features except 
(a) good stability 
(b) slow response 
(c) good accuracy 
(d) sufficient power handling capacity

3. A car is running at a constant speed of 50 km/h, which 
of the following is the feedback element for the driver? 
(a) Clutch
(b) Eyes
(c) Needle of the speedometer
(d) Steering wheel
(e) None of the above
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Cont. Questions and Answers
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1. In an open loop control system :
(a) Output is independent of control input
(b) Output is dependent on control input
(c) Only system parameters have effect on the control output
(d) None of the above

Ans: a

2. A good control system has all the following features except 
(a) good stability 
(b) slow response 
(c) good accuracy 
(d) sufficient power handling capacity

Ans: b

3. A car is running at a constant speed of 50 km/h, which 
of the following is the feedback element for the driver? 
(a) Clutch
(b) Eyes
(c) Needle of the speedometer
(d) Steering wheel
(e) None of the above

Ans: c
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Boiler system
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Example:
Sun-Tracking Control of Solar 
Collectors
• One of the most important 

features of the solar collector is 
that the collector dish must track 
the sun accurately. Therefore, the 
movement of the collector dish 
must be controlled by 
sophisticated control systems.

Mobile User



23

Cont. Examples:
Sun-Tracking Control of Solar Collectors
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Cont. Examples:
Response of the open-loop idle-speed control system
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Fig 1-10  Typical response of the open-loop idle-speed control system.

Cont. Examples:
Response of the open-loop idle-speed control system
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Cont. Examples:
Response of the open-loop idle-speed control system

• Feedback is used to reduce the error between the reference input and the 
system output.

• Feedback also has effects on such system performance characteristics as 
stability, bandwidth, overall gain, impedance, and sensitivity.

Block diagram representation of a general control system.

Feedback Loop
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Cont. Examples:
Effect of feedback on control systems

• Feedback may increase the gain in one frequency range but 
decrease it in another.
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Cont. Examples:
Effect of feedback on overall gain:

Effect of feedback on stability:

If GH = -1, the system becomes unstable.
Feedback can improve stability or be harmful to stability if it is not properly 
applied.
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Cont. Examples:
• A Good Control System should be insensitive to noise or disturbance 

and sensitive to input commands.
• Examples are: Thermal noise voltage in electronic circuits; Brush or 

commutator noise in electric motors
• External disturbances include wind gust on antenna
• Feedback can reduce the effect of noise. (in general)
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Cont. feedback system
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Type of feedback control system
Feedback control system can be classified in a number of ways depending upon the purpose of 
classification:

1) Linear and non-Linear control system

•They strictly follows the Superposition and Homogeneous 
principle.

•It means if x→ yx→ y then it also means kx→ ky
•and x1+x2→ y1+y2.
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Linear or non-linear Example 
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Linear or non linear 
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Cont. Type of feedback control system
2) Time invariant vs. Time varying
Time invariant system: Parameters of a control system are stationary with respect to 
time during system operation.
Otherwise: Time varying systems

3) Continuous-data system: the signals at various part of the system are all functions 
of the continuous time variable t.
Discrete data system: the signals at one or more points of the system are in the form 
of either a pulse train or a digital code.
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Review Questions:
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Review Questions:
• Define external disturbance?

• State the effects of feedback on control systems? In terms of 
• Gain
• Stability
• Noise
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Review Questions:

• Consider the inverted pendulum shown in Figure El. 13. Sketch the block 
diagram of a feedback control

Mobile User



38

Answer
An inverted pendulum control system using an optical encoder to measure the angle 
of the pendulum and a motor producing a control torque:
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Example of feedback control system
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• Feedback is an essential aspect of control systems and has many applications in various fields of 
engineering. Feedback is a process in which the output of a system is fed back to its input, either 
directly or through some other component of the system. This feedback loop allows the system to 
adjust its output based on certain criteria, such as the desired setpoint or the error between the 
actual output and the setpoint. In this way, feedback can be used to improve the performance of a 
system, reduce its error, and make it more stable.

• Statement 1: The effect of feedback is to reduce the system error. The statement is correct. 
Feedback can be used to reduce the system error and improve its performance. By measuring the 
error between the output and the setpoint, and adjusting the input accordingly, feedback can help 
to minimize the error and bring the system closer to the desired setpoint. This is achieved by using a 
controller that compares the actual output to the setpoint and generates a control signal that 
adjusts the input to the system.
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• Statement 2: Feedback increases the gain of the system in one frequency range but decreases in 
another. The statement is correct. Feedback can affect the gain and stability of a system in different 
frequency ranges. In some cases, feedback can increase the gain of the system in a particular frequency 
range, while in other cases, it can decrease the gain and destabilize the system. This is due to the fact 
that feedback introduces a phase shift in the system's response, which can interact with the system's 
natural frequency and cause resonance or instability. 

• Statement 3: Feedback can cause a system that is originally stable to become unstable. The statement 
is correct. Feedback can cause a stable system to become unstable if the gain and phase shift introduced 
by the feedback loop are not properly tuned. This can lead to instability, oscillations, and even system 
failure. Therefore, it is important to design feedback systems that are stable and robust, and to ensure 
that the gain and phase margins are sufficient to prevent instability.
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Exercises
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Thank You
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